Are reperfusion-induced arrhythmias caused by disinhibition of an arrhythmogenic component of ischemia?
Isolated rat hearts were used to examine whether reperfusion-induced arrhythmias may be caused by washout of substances accumulating during ischemia. This was achieved by subjecting hearts to 10 min of regional ischemia and rendering them transiently inexcitable during the first 1.5 min of reperfusion. Transient inexcitability was induced by switching to cold solution (4 degrees C) shortly before reperfusion (-1.5 min). In controls (no hypothermia), the incidences of ventricular tachycardia (VT) and ventricular fibrillation (VF) were 83% and 92%, respectively, during the first 1.5 min of reperfusion. Transient hypothermia caused inexcitability and asystole, impaired recovery of coronary flow and abolished VT and VF (all P less than 0.05). On subsequent rewarming to 37 degrees C, coronary flow and sinus rate recovered in all hearts. However, VT and VF occurred in only 58% and 25%, respectively (P less than 0.05). These values were similar to those of new episodes of VT and VF occurring in controls during the equivalent period. Therefore arrhythmias had been abolished during transient hypothermia, not merely delayed. The relative contributions of transient impairment of recovery of coronary flow and transient asystole to the antiarrhythmic effects were examined in a further 10 groups of hearts (n = 12/group) in which reperfusion conditions were transiently manipulated. We utilized combinations of hypothermia, ventricular pacing, acetylcholine (ACh) 55 microM (to cause asystole and impairment of recovery of coronary flow), and right atrial excision and left atrial pacing (to permit bradycardia to be transiently induced during reperfusion by temporarily switching off the pacemaker). The results indicated that transient hypothermia was antiarrhythmic as a result of a reduction of excitability, not because of bradycardia or impairment of recovery of flow. The data support the hypothesis that reperfusion unmasks (disinhibits) latent arrhythmogenic components of ischemia (particularly during the first 1.5 min of reperfusion) and that, by inducing inexcitability, transient hypothermia allows these substances to be washed out without their arrhythmogenic effects being manifested. The identities of the arrhythmogenic and antiarrhythmic substances remain to be determined; we suggest that cyclic AMP and potassium, respectively, are likely candidates.